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5 FIELD OF THE INVENTION 

The field of this invention relates to cyclonic separation of solids from 
liquids or liquids from liquids. 

BACKGROUND OF THE INVENTION 

10 Cyclones have been in use in separation applications in a variety of 

industries for many years. Typically, these devices have a cylindrical body 
tapering to an underflow outlet, with a tangential or involute entrance and a 
centrally located end connection for the overflow fluids at the head end of the 
hydrocyclone. These devices are used to separate fluids of different densities 

15 and/or to remove solids from an incoming stream of a slurry of liquid and 
solids, generally concentrating the solids in the underflow stream. 

Over the years, many efforts have been undertaken to optimize the 
performance of hydrocyclones. Performance increase could be measured as : v;. 
an increase in throughput without material sacrifice in the degree of separa- 

20 tion desired for a given operating pressure drop. An alternate way to measure 
Improved performance is to increase the separation efficiency for a given inlet 
flow rate and composition. 

In the past, a cyclone has been provided with a single ramp presenting 
a generally planar face extending at a relatively shallow angle to a radial plane 

25 of the hydrocyclone and thus inclined toward the underflow end of the hydro- 
cyclone. Thus, when the fluid enters from the inlet, the fluid swirls about the 
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axis of the chamber, with the back wall imparting to the mixture an axial 
velocity component in the direction toward the underflow outlet. This design 
is illustrated in PCT application WO97/05956. Also relevant to a general 
understanding of the principles of operation of hydrocyclones are PCT appli- 
5 cations WO97/28903. WO89/08503, W091/1 61 1 7, and WO83/03369; U.K. 
specification 955308; U.K. application GB 223021 OA; European applications 
0068809 and 0259104; and U.S. patents 2,341,087 and 4,778,494, 

In the past, a single helix of a uniform pitch was used to present an 
inclined surface to the incoming mixture. The inclined surface terminated at 
10 a step after the incoming mixture had undergone a complete revolution within 
the separating chamber. Thus, this prior design, illustrated in PCT application 
WO97/05956, took the entire incoming fluid stream and imparted a generally 
uniform velocity axial component to the generally helical flowpath of that entire 
incoming stream. 

1 5 However, applicants' detailed studies of the axial flow of the fluid after 

it enters the hydrocyclone have revealed that, as viewed in a radial direction 
from the longitudinal centerline of the hydrocyclone, a preferred flow pattern 
would be nonuniform, with the greatest velocity being adjacent the peripheral 
wall of the hydrocyclone. Moving in radially from the outer periphery toward 

20 the longitudinal axis, the axial velocity component of the fluid mass decreases 
until it undergoes a reversal in direction representing the fluid stream that is 
heading toward the overflow outlet. 

Accordingly, in seeking further capacity or efficiency improvements, one 
of the objectives of the present invention was to minimize turbulence internal 

25 to the hydrocyclone and thereby increase its performance. The capacity 
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improvement was achieved by recognizing that in order to minimize turbu- 
lence, the incoming fluid stream should be driven axially at different velocities, 
depending on the radial placement of the stream within the body. Accord- 
ingly, the objective of improving throughput and/or separation efficiency has 
5 been accomplished in the present invention by recognizing this need to 
reduce turbulence and accommodating this performance-enhancing need by 
a specially designed back wall ramp featuring multiple side-by-side spiraling 
slopes, the steepest slope being furthest from the longitudinal axis with adja- 
cent slopes becoming shallower as measured radially inwardly toward the 
1 0 longitudinal axis. Those skilled in the art will more fully appreciate the signifi- 
cance of the present invention by a review of the detailed description of a 
preferred embodiment thereof below. 

SUMMARY OF THE INVENTION 

1 5 An improvement is made in the efficiency and/or throughput of a hydro- 

cyclone by providing a back wall which imparts a greater axial velocity com- 
ponent to the fluids at the periphery as measured radially from the longitudinal 
axis of the hydrocyclone and a lesser axial velocity component to portions of 
the incoming fluid stream closer to the longitudinal axis of the hydrocyclone. 

20 More particularly, the back wall should correspond generally to the swirl 
pattern within the hydrocyclone, a combination of axial and tangential velocity 
components, to enable the incoming fluid stream to reach the desired flow 
pattern more quickly and efficiently than otherwise possible. 
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By way of example, specific embodiments in accordance with the invention 
will be described with reference to the accompanying drawings in which :- 

Figure 1 is an elevation view showing the different degrees of inclination 
of the outer and inner ramps. 

Figure 2 is the view along lines 2-2 of Figure 1, showing the ramps 
from the underside looking up toward the overflow outlet. 

Figure 3 is a perspective view, in part cutaway, illustrating the two 

ramps at different angles. 

Figure 4 is a schematic representation of the velocity distributions in the 
axial direction shown superimposed on a section view through the overflow 
and underflow connections, with an alternative embodiment of a curved ramp. 

Figure 5 is a section view through the ramp, showing that at any given 
section, the radial line from the longitudinal centerline coincides with the ramp 
surface. 

Figure 6 is similar to Figure 5 except the two ramps shown are disposed 
when a line is extended across their surface in any given section across the 
longitudinal axis at an angle toward the longitudinal axis. 

Figure 7 is an alternative embodiment of a multiple-ramp structure 
shown In the other figures, showing the ability to provide a greater axial 
component to the fluid stream furthest from a longitudinal axis and a lesser 
component closer to the longitudinal axis by having a surface with curves or 
arcs so as to make a smoother rather than a step-wise transition from one 
ramp to the other as shown, for example, in Figures 1 and 2. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The hydrocyclone 10 has an inlet 12 which can be tangential or an 
involute, as illustrated in Figure 3. One or more inlets can be used. The 
incoming flow stream is exposed to a steeper outer ramp 14, as well as the 
5 shallow or inner ramp 16. Figure 2 better illustrates the inlet 12 and the 
placement of the outer ramp 14 closest to the housing 18. A longitudinal axis 
20 extends from the underflow exit 22 to the overflow exit 24. A wall 26 marks 
the inside of the inner ramp 16 and spirals around longitudinal axis 20 in a 
general direction parallel to longitudinal axis 20 in view of the fact that the 

1 0 body 18 is generally cylindrical in the area of ramps 14 and 16. In the em- 
bodiment illustrated in Figure 2, there are two inlets and the length of ramps 
14 and 16 is generally 180°. Due to the spiraling orientation of ramps 14 and 
16, they wind up radially adjacent to the opposing inlet by the time they have 
made a 1 80° turn inside the body 18. Figure 2 also illustrates the inner ramp 

15 16 extending from the lower end of wall 26 and spiraling around in the same 
manner as the outer ramp 14 but at a different pitch, as illustrated in Figures 
1 and 3. Accordingly, that portion of the inlet fluid which is ramped by the 
inner ramp 1 6 is ramped at a far shallower angle than the fluid which is radi- 
ally furthest from the longitudinal axis 20 which is ramped by the outer ramp 

20 14. The provision of the dual-ramp design minimizes internal turbulence 
within the hydrocyclone 10 and thus improves the throughput and/or efficiency 
of separation of a given body design. Test comparisons of an identically 
configured hydrocyclone for separating oil from water, having a single inner 
3° ramp compared to the same design with both a 3* inner ramp and a 10° 

25 outer ramp were undertaken. Test results indicated an increase in capacity, 
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over a baseline hydrocyclone without such ramps, of 3% for the single-ramp 
design rising to 8% for the dual-ramp design without significantly affecting 
separation. 

Referring now to Figure 3, the overflow outlet 50 is depicted aligned 
with centeriine 20. The low ramp 16 is shown transitioning to the back wall 
52. Back wall 52 can be flat and in a plane perpendicular to the longitudinal 
axis 20, or alternatively, it can be concave looking up or concave looking 
down with respect to the underflow connection 22 or overflow connection 24. 
The inner low ramp 16 can be configured to smoothly transition Into the back 
wall 52, or they could be at different angles, all without departing from the 
spirit of the invention. 

Figure 4 illustrates conceptually the change in axial component velocity 
measured on a radial line from the inside wall of the body 18 to the longitudi- 
nal centeriine 20. Figure 4 illustrates that the downward axial component is 
greatest along the inside of wall 18 and diminishes in quantity in a downward 
direction until it undergoes a reversal at point 28. Thereafter, arrow 30 illus- 
trates that a velocity increase in the opposite direction toward the overflow 
connection 24 is realized. The concept behind the multiple ramp of the 
present invention is to mimic as closely as possible the velocity profile illus- 
trated in Figure 4, also allowing for changes in the tangential velocity profile. 
This can be accomplished with two or more ramps at different grades, dis- 
posed adjacent each other and extending from the inside of body 18 to cen- 
teriine 20. Rather than having discrete ramps with differing grades disposed 
adjacent to each other with walls spiraling generally a fixed distance from the 
centeriine 20, the ramp of the present invention can also be designed as a 
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continuous member which eliminates the step changes between the ramps 
which are taken up by wall 26. for example, as shown in Figure 2. Instead, as 
shown in Figure 4, the ramp 32 can have a steeper gradient adjacent the 
inner wall of body 18 and a shallower gradient toward the centeriine 20, yet 

5 be composed of a more unitary construction with smoother transitions from 
one ramp gradient to the next and can employ curved surfaces for making 
such transitions, as schematically illustrated in the section view of Figure 4. 

Figures 5, 6, and 7 illustrate alternative embodiments. Figure 5 corre- 
sponds to the dual-ramp design shown in Figure 2, shown in one specific 

10 section view through the hydrocyclone. In this embodiment, a line drawn 
parallel to the ramp surface at that particular section will wind up crossing the 
centeriine 20 at approximately 90°. The change made to the ramp in Figure 
6 is to basically present the multi-slope ramp in an inclined position such that 
a line parallel to the ramp surface in any particular section intersects the 

1 5 centeriine 20 at some angle other than a right angle, as suggested in Figure 
5. Figure 7 again indicates that step-wise changes between ramps can be 
vertical walls, as shown in Figure 5, or can be one or more arced surfaces to 
make the transition from a greater axial component toward the wall to a lesser 
one toward the centeriine. 

20 Accordingly, the provision of dual ramps makes a measured improve- 

ment in the capacity without sacrificing separation efficiency. The width of 
each ramp and the absolute angle with respect to the inlet 12 can be varied 
and the relative angles can also be varied without departing from the spirit of 
the invention. As previously stated, optimally for the particular design de- 

25 scribed above, the ramp angles are 3° and 1 0° for the inner and outer ramps 
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16 and 14, respectively. The ratio of gradients of the outer ramp 14 to the 
inner ramp 1 6 can be as tow as about 1 :2 and as high as about 1 :5. With only 
a single inlet, the ramps can extend longer than 180° and can go around 
360°. 

The foregoing disclosure and description of the invention are Illustrative 
and explanatory thereof, and various changes in the size, shape and mate- 
rials, as well as in the details of the illustrated construction, may be made 

WithOUt departing from the scope of the invention. 
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CLAIMS 

1 1 . A hydrocyclone, comprising: 

2 a body having an inlet at the periphery of the body, an adjacent 

3 back wall through which there is a central overflow connection and a central 

4 underflow connection at the opposite end of the body; 

5 the overflow back wall presenting an inclined face for redirecting 

6 the stream of fluid entering the hydrocyclone to flow axially along the 

7 hydrocyclone in at least two different paths having at least two axial velocity 

8 components for improved phase separation performance. 

1 2. The hydrocyclone of claim 1 , wherein: 

2 said body having a longitudinal axis extending from said overflow 

3 connection to said underflow connection; 

4 said face comprises a radially inner portion and a radially outer 

5 portion, each defining a generally helical surface at a distinct slope extending 

6 from adjacent said inlet toward said underflow connection. 

1 3. The hydrocyclone of claim 2, wherein: 

2 said inner radial portion extends at a shallower slope toward said 

3 underflow connection than said outer radial portion. 

1 4. The hydrocyclone of claim 3, wherein: 

2 the slope of said outer radial portion extends at more than twice 

3 the slope of that of said inner radial portion. 
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1 5. The hydrocyclone of claim 2, further comprising: 

2 a wall disposed generally equidistant from said longitudinal axis 

3 and marking a boundary between said inner and outer portions of said face. 

1 6. The hydrocyclone of claim 1 , wherein: 

2 the end wall face comprises three or more radial portions. 

1 7. The hydrocyclone of claim 6, wherein: 

2 the slope of each radial portion is greater than that of the portion 

3 spaced radially inwardly thereof. 

1 8. The hydrocyclone of claim 1 , wherein: 

2 the end wall face presents a generally smooth, continuous sur- 

3 face. 

1 9. The hydrocyclone of claim 1 , wherein: 

2 at least a portion of the end wall face is inclined relative to the 

3 longitudinal axis of the hydrocyclone. 

1 10. The hydrocyclone of claim 2, wherein: 

2 said helical surfaces are Hat 

1 1 . The hydrocyclone of claim 2 , wherein : 
said helical surfaces are curved. 
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New York 
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NY 


10178-0061 

ZIP 


US 


(212)696-6000 

Telephone v ' 


(212) 697-1559 

Fax v ' 


I hereby declare thai all statements made herem of my own knowledge are true ana mat ao statements made on information ana Dehef 
are oeueved to oe true; and further mat mese statements were made with me Knowledge mat willful false statements and me like so 
made are pumshaDle Dy fine or impnsonment, or Com. under 18 U.S.C. 1001 and that such willful false statements may jeopardize tne 
validity of me application or any patent issued thereon 


NAME OF SOLE OR FIRST INVENTOR : 


[ I A petition has been filed for this unsigned inventor 


Given Name IQH C. 
(first and middle [If any]) 


Family Name SMYTH 
or Surname 


Inventor's 
Signature 


Date 


Residence: City 


State 


Country 


Citizenship 


Mailina Address 


City 


State 


ZIP 


Country 


NAME OF SECOND INVENTOR: □ A petition has been filed for this unsigned inventor 


Given Name E^BL A. 

(firsr and snidcHo [ft* any]) 


Famfly Name THOMPSON 
or Surname " " 






Residence: Ciiy (^LjOt4<^3TB^ 


State 


Country 


Citizenship ^ * ^ ' 


Mailing Address ^ MOOjS^^Y £>4-£>S£, . L~<=>*J & L£.v&r»J3 , <3?L£>S m CJ J* 


City 


State 


ZIP 


Country LJ.&Z- , 


| | Additional Inventors are Deing named on me supplemental Additional inventors) sneei(s) PTO/SB/02A anacned hereto. 
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Customer Numi 
or Bar Code 
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Michael J- Brown 
H^e Curtis. Mallet-Prevost Colt & Moste LLP 



101 Park Avenue, 34th Ftoor 



Address , — . 

New York 

Citv _ I 


State 


10178-0061 

ZIP 
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(212)696-6000 
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(212) 697-1559 
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NAME OF SOLE OR FIRST INVENTOR : 


m A petition has been filed for this unsigned inventor 


Given Name I an C.__ 
{first and middle fTf anvil 


Family Name SMYTH^ 
or Surname 






Residence: City _ 


State 
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^ ctW^iSTo^S , t^ ^ ( fcA-S-To/v/ 


Cltv i^wcv-vesTfc^,. 


State 


2>oZI \£^T 
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U.vO 

Country 



NAME OF SECOND INVENTOR: | | 


A petition has been filed for this unsigned inventor 


Given Name Peter A. Family ^ e THOMPSON 
(first and middle [if any]) or Surname 


Inventor's 

Signature 


Date 


Residence: City 


State Country 


Citizenship 



Mailing Address 



City I State 1 ZIP | Country 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Smyth, Ian C. et al 

Serial No. : 10/049,956 Examiner: Unassigned 

Filed : Feb. 19, 2002 Art Unit: Unknown 

For : HYDROCYCLONE 

POWER OF ATTORNEY 

Petreco International Ltd., the owner of the above-identified application by 
an assignment recorded at Reel 012682, Frame 0550, hereby appoints: Michael J. 
Brown, Registration No. 37,100, as its attorney with full power of substitution and 
revocation to prosecute this application and to transact all business in the U.S. Patent and 
Trademark Office connected therewith. 

Please send all correspondence to: 
Michael J. Brown 

Curtis, Mallet-Prevost, Colt & Mosle LLP 
101 Park Avenue 

New York, New York 10178-0061 
Tel: (212) 696-8846 Fax: (212) 697-1559 
Email: mbrown@cm-p.com 

The undersigned is an officer of Petreco International Ltd. and is authorized to 
sign on its behalf. The undersigned specifies that the above assignment has been 
reviewed and certifies that, to the best of my knowledge and belief, title to said 
application is in Petreco International Ltd. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the 
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like so made are punishable by fine or imprisonment, or both, under Section 1001 of title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 



Petreco International Ltd. 



Dated: 



By: 





Nicholas Winterbourne 
Operations Director 
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